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The Vitarnin A and Carotene Content 
of Nebraska Butter 
I. L. Hathaway and H. P. Davis 
THERE HAS LONG BEEN A NEED for definite information regarding 
the degree to which United States creamery butter can be depended 
upon as a source of vitamin A. In fact this need has existed since it 
was discovered that the vitamin-A value of butter may vary because 
it depends primarily on the vitamin-A potency of the cow's feed. An 
attempt to obtain such information on an adequate scale was begun 
after this question was raised by the National Research Council in 
1941. As a result of this inquiry the Bureau of Dairy Industry, the 
Office of Experiment Stations, and 20 state agricultural experiment 
stations instituted a nation-wide study of the vitamin-A value of 
United States creamery butter as produced in different regions and 
seasons. The results reported below were the observations made on 
Nebraska butter during October, 1943, through October, 1945. 
Review of Literature 
THE RESULTS obtained to July, 1945, by 14 of the state experiment 
stations which cooperated in the nation-wide survey were summarized 
by the Bureau of Dairy Industry (13). Average yearly vitamin-A 
potency reported in this summary was approximately 15,000 Interna-
tional Units per pound of butter. Because a number of the stations 
had not completed their work at the time this summary was made, 
the studies which have been published to date are reviewed below. 
Kemmerer and Fraps (5) found an average of 16,344 I.U. of vitamin 
A per pound in 62 samples of butter collected in Texas during 1942 
and January of 1943. 
Berle and Peterson (2) reported that Wisconsin butter produced in 
March, July, and September, 1942, and January, 1943, contained re-
spectively: 9,568; 17,738; 18,032; and 10,488 I.U. per pound. 
According to Richardson and Long (11), the annual average vita-
min-A value of California butter produced over a period of almost 
two years, 1942-1944, was 18,260 I.U. per pound. 
Theophilus et al (12) investigated the vitamin-A activity of Idaho 
butter from August, 1943, to July, 1944, and reported an average low 
of 12,499 I.U. in February and an average high of 19,281 I.U. per 
pound in October. 
Herrington (3) determined the vitamin-A activity of samples of 
butter obtained on the Syracuse, New York, market from April, 1943, 
to May, 1944. These samples were considered to be a cross-section 
of most of the butter produced in the United States. In this study 
the average values calculated by months ranged from 9,300 to 20,900 
I.U. per pound with a yearly average ???15,180 I.U. 
3 
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Krauss and co-workers (8) obtained a mean annual vitamin-A po-
tency of approximately 14,000 I.U. per pound in a study of the vita-
min-A value of Ohio butter. The butter was produced from March, 
1943, through March, 1944. 
Ashworth, McGregor, and Bendixen (1) reported a mean annual 
vitamin-A potency of 17,900 I.U. per pound of butter for the state of 
Washington. This study extended from May, 1943, to February, 1945. 
Jenness and Palmer (4) surveyed the vitamin-A value of 1,019 
samples of Minnesota butter which were produced during 1943 and 
1944. The values obtained corresponded to a potency of 13,958 I.U. 
per pound or approximately 15,000 I.U. per pound when the data 
were corrected for a seven per cent loss in analysis. 
Parrish and associates (10) reported that the 1944 mean annual 
vitamin-A potency of Kansas butter was 15,100 I.U. per pound. 
Experimental Procedure 
BuTTER SAMPLES were obtained at approximately monthly inter-
vals from 14 creameries, located as shown in Figure l. Most of the 
Nebraska butter is produced in the eastern half of the state. Much 
of the middle-western half of Nebraska is range land and contains no 
creameries. Although some cream is produced in this range country, 
it is shipped to other areas for manufacture. Five of the creameries 
w,hich furnished samples were centralizers while the remaining nine 
were ,cooperatives which obtained their cream locally. The samples, 
which were one-pound prints from regular churnings, were in general 
sent without refrigeration to the laboratory. Through the efforts of 
the cooperating creameries to hasten delivery, nearly all of the sam-
ples arrived in a satisfactory condition. In a few instances a second 
sample was obtained when the first was not acceptable. 
FIG l LOCATION of THE CREAM [RJ ES WHICH PROl)UCE D THE 
BUTTER SAMPLES. 
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As soon as the sample reached the laboratory, it was placed in a 
tightly closed glass jar and held in an electrical refrigerator at 38°F. 
until analyzed. The butter was rarely held more than three days 
before the analyses were made. It is quite unlikely that any loss in 
the vitamin-A value occurred during this period, since it has been 
reported that butter can be stored for 30 days at 45 °F. without loss 
of vitamin A (13). 
When sampled for the analyses, the pound print was quartered and 
the two opposite quarters were placed in a glass jar with a water-tight 
lid. The contents of the jar were warmed in an electrically controlled, 
constant-temperature water bath until soft enough to be thoroughly 
mixed. The temperature of the water bath was 30°C. 
The methods used for the determination of carotene and vitamin A 
were the same, except where indicated otherwise, as those recom-
mended by the T echnical Committee on Vitamin-A R esearches (6, 7). 
Fat and moisture analyses were made according to A. ?. A. C. m eth-
ods (9). The analyses were made in duplica te. In brief the carotene 
and vitamin-A determinations were made as follows: 
A JO-gram sample of butter was refluxed for IO minutes on a boiling 
water bath with 5 ml. of a saturated aqueous solution of potassium 
hydroxide and 20 ml. of absolute methanol. All of the glassware used 
had ground glass joints and none of the solutions was allowed to 
contact rubber or cork at any time. After saponification the sample 
was diluted with 40 ml. of distilled water and cooled immediately to 
room temperature with tap water. 
The saponification mixture was n ext transferred to a separatory 
funnel with the aid of 40 ml. of distilled water. The unsaponifiable 
matter was removed from the mixture with a 100-ml. portion and 
two 50-ml. portions of peroxide-free, eth yl e ther. The ether extract 
was washed free of alkali with distilled water, dried over C.P. anhy-
drous sodium sulfate and diluted to 200 ml. with ether. 
In the carotene determination, 100 ml. of the ether solution was 
evaporated to dryness under vacuum. During the evaporation, the 
bottom of the fl ask was kep t just a t the surface of the water in an 
electrically controlled, constant-temperature bath set a t 70°C. The 
residue was transferred to a separatory funnel with r edistilled Skelly-
solve B; extracted with 92 per cent m ethanol ; washed with distilled 
water and, after drying over anhydrous sodium sulfate, was diluted to 
volume. Carotene was determined from the Skellysolve solution with 
a spectrophotometer* at 440 millimicrons. 
A 100-ml. portion of the ethyl e ther solution was evaporated to 
dryness under reduced pressure for the vitamin-A determina tion. The 
m ethod of evapora tion was the same as that used in the carotene 
determination except that, just as the ether was completely evaporated, 
the flask was immersed in the water bath for 60 seconds to r emove 
any trace of moisture. 
*The spectrophotometer used was the Model 11 manufactured by the Coleman 
Company, Maywood , Illin ois. 
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The residue was transferred to a 10-ml. volumetric flask and diluted 
to volume with chloroform. To one ml. of this solution in a spectro-
photometer cuvette were added 9 ml. of a 22.5 per cent solution of 
antimony trichloride t in chloroform.t The intensity of the color 
which developed at 620 millimicrons was recorded at the end of five-
second intervals for one minute. A stop watch was used to observe 
the time and the antimony trichloride solution was introduced by 
means of an automatic pipette * which delivered the nine ml. in less 
than two seconds. 
In order to avo id losses in carotene and vitamin A during analyses, 
the entire procedure for the determination of carotene and vitamin A 
and also the spectrophotometric readings were completed during the 
day on which the analyses were begun. Also the solutions of carotene 
and vitamin A were protected from unnecessary exposure to light, 
heat and air. 
The standard calibration curves were essentially straight lines 
with the slopes shown by the K values given in Table 1. Methods 
used in making these curves were those given by Koehn (7). 
The factor 0.0035 was found to correct for the absorption by the 
beta-carotene antimony trichloride complex. In the determination of 
this factor, the absorption of 14 solutions of carotene whose concen-
trations varied from 2.5 to 50.0 micrograms per milliliter was observed. 
TABLE 1. CALIBRATION OF THE SPECTROPHOTOMETER. 
Concentration 
Material Solvent Range Wave-length K > 
mcg/ ml millimicrons 
beta-Carotene 2 Skellysolve B 0.2- 2.4 440 4.38 
beta-Carotene 2 Chloroform 0.2- 2.4 440 4.59 
Vitamin A alcohol 2 Chloroform 1.0- 12.0 620 21.82 
mcg / ml. 
1 The formula used in the determination of the K values was: K = 2 1 G 
In this formu la, G refers to the galvanometer reading. - og 
2 The carotene and vitamin A were obtained from the S. M. A. Corporation, 
Chagrin Falls, Ohio. 
t The antimony trichloride reagent was used not more than three weeks after it 
was prepared. Just before using, one-sixth of its volume was distilled off under 
nitrogen. 
t The chloroform was purified as follows: One liter of chloroform was washed 
three t imes with 200-ml. portions of concentrated ammonium hydroxide and five 
times with 400-ml. portions of distilled water. After the addition of 30 gm. of 
Phosphoric Anhydride, C.P., and drying over night, the chloroform was filtered 
through paper into a distillation flask containing 10 gm. of P 20 5 • The chloroform 
was then distilled under reduced pressure at a temperature below 35 ° C. and the 
required amount of antimony trichloride added immediately. When the purified 
chloroform was to be used as a solvent for vitamin A or the unsaponifiable fraction , 
0.5 per cent of absolute alcohol was added as soon as the distillation was completed. 
*The automatic p ipette was obtained from the Scientific Glass Apparatus Co., 
Bloomfield, N. J. 
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Discussion of Results 
THE AVERAGE VITAMIN-A VALUES which were observed at approxi-
mately monthly intervals from October, 1943, through October, 1945, 
are shown in Table 2 and Graph 1. The vitamin-A value of butter is 
the sum of its carotene content plus its vitamin-A content per se. 
Therefore the carotene content and the vitamin-A content are both 
given. It will be noted also that the vitamin-A content is shown as 
. corrected for loss in analysis. 
This correction is based on a seven per cent loss of vitamin A which 
was found to occur when crystalline vitamin A was added to butter 
before analysis (4, 13). In calculating the total vitamin-A potency of 
a sample, 0.6 microgram of the carotene and 0.25 microgram of the 
vitamin A were each taken as equivalent to one International Unit 
of vitamin A. Parrish and associates (10) recently discussed the use 
of these conversion factors . As there is some question regarding the 
accuracy of the conversion factors used, the carotene and vitamin-A 
concentrations are shown in micrograms per gram as well as in Inter-
national Units per pound. 
From Table 2 and Graph l it will be observed that the vitamin A 
value dropped from 17,160 I.U. per pound in October, 1943, to 9,283 
I.U. in April, 1944. However by June of that year it had risen abruptly 
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TABLE 2. THE VITAMIN-A v ALUE OF NEBRASKA CREAMERY BUTTER. 00 
Potency per pound due to: Total Potency per pound 
Month Carotene Vitamin A Vitamin A Carotene Carotene 
and per per gram per gram Carotene Vitamin A Vitamin A plus plus 
Year gram (uncorrected)* (corrected)* (uncorrected) (corrected) uncorrected corrected 
Vitamin A Vitamin A 
mcg. mcg. mcg. l.U.t I.U. I.U. I.U. 1.U. 
October 1943 6.4 6.3 6.8 4854 11 ,444 12,306 16,298 17,160 
November 1943 6.2 5.8 6.2 4680 10,456 11 ,243 15,136 15,923 z 
December 1943 3.4 6.3 6.8 2552 11 ,503 12,369 14,055 14,921 "' 
"' J anuary 1944 2.8 4.6 4 .9 2094 8,342 8,969 10,436 ll,063 ??,..
February 1944 1.8 4.6 5.0 1376 8,414 9,048 9,790 10,424 ??
March 1944 2.1 5.0 5.4 1623 9,118 9,804 10,741 11 ,427 
,.. 
April 1944 1.8 4.1 4.4 1372 7,357 7,911 8,729 9,283 f;J 
"' May 1944 2.8 7.6 8.2 2140 13,789 14,827 15,929 16,967 "' 
June 1944 7.2 9.5 , 10.2 5436 17,162 18,454 22,598 23,890 ??C'l 
July 1944 8.4 8.2 8.8 6352 14,823 15,939 21,185 22,301 :i: 
August 1944 7.5 9.0 9.7 5685 16,374 17,606 22,059 23,291 
"' September 1944 6.2 8.9 9.5 4687 15,093 17,305 20,780 21 ,992 c::: t" 
October 1944 6.6 9.1 9.8 5020 16,527 17,771 21 ,547 22,791 t" 
"' November 1944 6.1 7.8 8.4 4612 14,119 15,182 18,761 19,824 
..., 
December 1944 5.5 6.9 7.4 4169 12,549 13,494 16,718 17,663 
z 
J anuary 1945 4.1 6.1 6.5 3093 11 ,022 11 ,852 14,115 14,945 :; 
??
February 1945 2.8 5.9 6.3 2094 10,666 ll,469 12,760 13 ,563 
March 1945 2.0 5.2 6.2 1522 9,506 10,222 ll,028 11 ,741 
April 1945 2.3 6.2 6.6 1765 11,183 12,025 12,948 13,790 
May 1945 4.9 8.1 8.7 3530 14,708 15,815 18,388 19,495 
June 1945 8.4 10.3 11.1 6335 18,676 20,082 25,041 26,447 
July 1945 8.9 9.0 9.6 6755 16,243 17,466 23,008 24,231 
August 1945 7.8 9.9 10.6 59)5 17,976 19,330 23,881 25 ,235 
September 1945 7.0 9.8 10.5 53:l5 17,757 19,094 23,052 24,399 
October 1945 6.1 8.9 9.6 4639 15,170 17,387 20,809 22,026 
* Corrected or uncorrected for 7 per cent loss in analysis, 
t I.U , = International Units. 
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to 23,890 I.U. During the next four months the potency declined 
irregularly so that by October, 1944, an average value of 22,791 I.U. 
was obtained. The vitamin-A value decreased steadily for the next 
five months until it had fallen to 11,741 I.U. in March, 1945. A sharp 
increase in potency occurred for the next three months with the result 
that the vitamin-A value had reached 26,447 I.U. by June, 1945. As 
in the case of the previous year, the vitamin-A potency declined some-
what irregularly from June to October. The experiments were closed 
during October, 1945, at which time the vitamin-A value was 22,026 
I.U. per pound. 
When the data given in Table 2 are examined, it will be noticed 
that the average vitamin-A potency of the butter produced during the 
12-month period beginning October, 1943, was 16,552 I.U. per pound, 
while that of the corresponding period beginning October, 1944, was 
19,510 I.U. Furthermore it is evident that the vitamin-A activity of 
each month of the second period was greater than that of the corre-
sponding month for the first period. It seems probable that this in-
crease in vitamin value was associated with differences in climate which 
resulted in better growing conditions during 1944 and 1945, and hence 
a more abundant feed supply as well as feeds richer in carotene. 
According to observations reported by the U . S. Weather Bureau (14), 
the year 1943 was slightly warmer and considerably drier than usual, 
all months except June being deficient in precipitation. On the other 
hand the year 1944 was wet, with temperatures near normal. In fact 
the average precipitation was the greatest since 1923 and the average 
snowfall was the third greatest on record. The year 1945 had much 
more than normal cloudiness with the mean temperatures and average 
precipitation very near normal. 
It is apparent from Graph 1 that a wide variation in vitamin-A 
values was encountered in this study. When the entire 25-month period 
was considered as a whole, a mean value of 18,876 ± 368 * I.U. was 
observed. During the winter months (December to April) the mean 
was 13,692 ± 294 * I.U. However, if only the summer months (May to 
November) were considered, the mean was considerably greater, 
namely 22,465 ± 323 * I.U. The vitamin-A value of the individual 
samples varied from 8,696 to 29,693 I.U. per pound. 
A true understanding of the vitamin-A contribution of Nebraska 
butter can be had only when the vitamin-A values shown in Table 2 
and Graph l are studied in connection with the monthly production 
records.t The production figures are shown in Graph 2. It will be 
noted at once that the periods of highest production correspond 
roughly with the periods when the butter had the greatest vitamin-A 
value. In other words, 63.4 per cent of the butter was produced 
during the summer months (May to November) when the mean 
*Standard error. 
t The production records were obtained through the courtesy of Mr. A. E. Ander-
son, Nebraska state agricultural statistician. 
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potency was 22,465 ± 323 * I.U. , and only 36.6 per cent during the 
winter months (December to April) when the mean vitamin-A value 
was 13,692 ± 294 * I.U . p er pound. It should also be remembered 
that butter is stored during the months of high production for later 
consumption, causing the high vitamin butter to be distributed 
throughout more of the year. It has been shown (13) that little, if 
any, loss of vitamin-A value occurs during the periods that creamery 
butter is usually stored. 
The percentages of the vitamin-A potency due to carotene and to 
vitamin A per se are shown in Table 3 and Graph 3. In general, as 
the carotene content increased the vitamin-A content also increased 
or as the carotene content declined the vitamin-A content also de-
clined. When the data were considered as a whole, 79.5 per cent of 
the vitamin-A value was due to vitamin A p er se and 20.5 per cent to 
carotene. During the summer months (May to November) 76.7 p er 
cent was derived from the vitamin A and 23.3 per cent from the caro-
tene. However, in the winter months (December to April) vitamin 
A was responsible for 83.6 per cent and carotene for only 16.4 per cent 
of the vitamin-A value. The ratio of carotene to vitamin A in butter 
varies somewhat with the breed which constitutes the greater propor-
tion of the cattle population. It is well-known that Guernsey or J ersey 
milk as a rule contains more carotene than does Holstein milk. 
* Standard error. 
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The mean fat content of the butter samples produced during the 
summer months differed only a little from the mean of the samples 
produced during the winter months. The mean fat content of the 
summer samples was 81.0 ± 0.07 * per cent while the mean of the 
winter samples was 81.4 ± 0.10 per cent. The mean fat content of the 
summer and winter samples combined was 81.2 ± 0.06 per cent. 
The mean moisture content of the summer samples was slightly 
higher than the similar mean of the winter samples. The mean mois-
ture content of the summer butter was 16.1 ± 0.07 per cent and the 
mean for the winter samples was 15.7 ± 0.09 per cent. The mean 
moisture concentration for the entire group of samples was 16.0 ± 0.06 
p er cent. 
No correlation was evident between the vitamin-A potency of the 
TABLE 3. THE PERCENTAGES OF THE VITAMIN-A VALUE DUE TO 
CAROTENE AND VITAMIN A PER SE . 
Month 
Monthly Mean' Monthly Mean 
Monthly Mean Potency from Potency 
and Potency from Vitamin A Total Carotene Vitamin A 
Year Carotene (corrected) (corrected) 
I.U.t / lb. I.U. / lb. I.U. / lb. % % 
October 1943 4,854 12,306 17,160 28.3 71.7 
November 1943 4,680 11 ,243 15,923 29.4 70.6 
December 1943 2,552 12,369 14,921 17.I 82.9 
January 1944 2,094 8,969 11,063 18.9 81.1 
February 1944 1,376 9,048 10,424 13.2 86.8 
March 1944 1,623 9,804 11,427 14.2 85.8 
April 1944 1,372 7,911 9,283 14.8 85 .2 
May 1944 2,140 14,827 16,967 12.6 87.4 
June 1944 5,436 18,454 23,890 22.8 77.3 
July 1944 6,362 15,939 22,30 1 28.5 71.5 
August 1944 5,685 17,606 23,291 24.4 75.6 
September 1944 4,687 17,305 21 ,992 21.3 78.7 
October 1944 5,020 17 ,771 22,791 22.0 78.0 
November 1944 4,642 15,182 19,824 23.4 76.6 
December 1944 4,169 13,494 17,663 23.6 76.4 
January 1945 3,093 11 ,852 14,945 20.7 79.3 
February 1945 2,094 11 ,469 13,563 15.4 84.6 
March 1945 1,522 10,222 11 ,741 13.0 87.0 
April 1945 1,765 12,025 13,790 12.8 87.2 
May 1945 3,680 15 ,815 19,495 18.9 81.1 
June 1945 6,365 20,082 26,447 24.l 75.9 
July 1945 6,765 17,466 24,231 27.9 72.I 
August 1945 5,905 19,330 25,235 23.4 76.6 
September 1945 5,305 19,094 24,399 21.7 78.3 
October 1945 4,639 17 ,387 22,026 21.1 78.9 
• Mean for 25 months 20.5 79.5 
Mean tor summer months 23.3 76 .7 
Mean for winter months 16.4 83.6 
* Standard error. 
t I.U.-Interna tional Units. 
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individual samples and the acidity of the cream before neutralization, 
the type of neutralizer used, or the method of pasteurization. 
When the vitamin-A values obtained in this study were compared 
with those obtained by other investigators (1, 2, 3, 4, 5, 8, 10, 11 , 12, 13) , 
it was evident that the vitamin-A potency of the Nebraska butter was 
equal to that produced in states where the feed and climatic condi-
tions were similar. Furthermore the vitamin-A potency of the butter 
produced in the state was at least equal to the potency of average 
United States butter. 
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Summary 
THE VITAMIN-A, carotene, fat and moisture concentrations of Ne-
braska creamery butter were determined at monthly intervals for 25 
months. Samples were obtained from 14 creameries located through-
out the state. Their vitamin-A and carotene determinations were 
made with the aid of a spectrophotometer, and their fat and moisture 
analyses were determined by the A. O. A. C. methods. 
When the vitamin-A and carotene concentrations were expressed 
as International Units it was found that the mean vitamin-A potency 
for the 25 months was 18,876 ± 368 I.U. per pound. During the 
winter months this mean was 13,692 ± 294 I.U., whereas during the 
summer months it was 22,465 ± 323 I.U. per pound. 
From the data obtained, it was observed that 79.5 per cent of the 
vitamin-A value of the butter was due to vitamin A per se and 20.5 
per cent to carotene. 
The mean fat content of all the samples combined was 81.2 ± 0.06 
per cent while the mean moisture concentration was 16.0 ± 0.06 
per cent. 
From a comparison of these data with the results of investigations 
in other states it was concluded that Nebraska butter was at least 
equal in vitamin-A value to average United States butter. 
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